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ANOMALOUS VOLUME EXPANSION

OF PLUTONIUM ALLOYS

Z. Fisk, R. O. Elliott, R. E. Tate & R. R Roof

A simple heur hhic mode 1 for the valence of Pu in ha
varioue phaaee is used to explain the large poe i~]ve dev iationa

!rom Vqpmi’a Law in u-Pu(A1), a-Pu(Ti) and 6-Fu(SC).

The effect of Al and Ti substitutions on the lattice parameter
of the respective isopreaeed a-phase Pu alloys is shown in Fig. 1.

It ie known from density measurements that these solutes enter

the a-phase ●hetitutiona!ly. The atomic volume of U-PU
is 20.0 ~, while thoee of Al and Ti are 16,6 ~ and ~.7 p,

reepectivelyt In both casee a omaller molute causee a lattice

expansion, the ]argeet eff act occurring for tr ivahmt AL

●nd

Moo
for

In Fig, 2 we show the cerreaponding data for a-Pu(Sc)

a-Pu(Zr). Here the atomic volumes for Sc and Zr are
~ and 23.3 ~, respectively. The axpansion is similar

bth eolut~, there b ing e alight departure from Vegard’s Law,

[n Fig. 3, finally, we show the large positive deviations

from Vegarda Law found in &Pu(Sc)and a-Sc(Pu)
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A simple qualitative model which

p~re effects prov idea a framework for

comb ines valence and

discwaing these results

We divide the 8 outer electrons of Pu into “v” valence and “f”

fmbotrona We suppose that the valence electrons primarily

determine the alloy chemistry of Pu. Experimental evidence

favorz the view that the f-electrons are delocalized. lhmming

that the volume changes involved in the transition v + v*1,

f + HI are similar for 4f and 5f elements, and estimating the

relative volume eff acts of localized veraua delocalized f-electrons
from the y-a Ce transition, we conclude that the a + &Pu

transition correeponda to vd = v=-2, fd = fa+2. Similarly. the
a + e-Pu transition correzpond,z to vC = va-l, fc = fa+l.

The eaae with which Pu appeara to be able to change its

f+x?cupancy prompts us to suppose that f% will try to adopt a
valence that corresponds to the solvent it is diaaolved in The

data for a-Sc~Pu) in Fig, 3 then su mt that PU with v = 3,

!?f _ 5 h- an atomic volume of ~03 , This is somewhat larger

than the atomic volume of d-Pu, and, in view of the negetive

thermal expanaion of 6-Pu indicatea that &Pu nags a va]enoe

altghtly lorger than 3. This then givee v = 4, f = 4 for c-I%
and v = ~, f = 3, for a-put tile last value being cl- tO

Zachariaaen’rn

A trivalent impurity in a-pu encourage neighboring Pu

atoms to become trivalent. Since trivalent or “delta-like”
PU la much Ittrger than pentavalent a-Pu, the isoprezaed

a-Pu(Al) alloys will ohow large positive dev iatlons from
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Vegtu-d’s Law. The effect for a-Pu(Ti) alloys w i!l be smaller,

due to the fact that tetravalent

than trivalent Pu.

The anomalous expansions are

a-Pu(Zr). Examination of the

“eps ikm- like” Pu is smaller

not observ~ in a-pu(~) and

pressure-temperature phase

diagram! for elemental Pu indicates that 2.S kbar suppr~

the d phase pressures between 3 and 20 ktmr will supprem tbe
c phase. A large solute atom such as Sc or Zr in a-Pu
will exert a pressure on neighboring Pu atoms which one can

roughly estimate as of the order of tens of k ilobars. This
will wppress the local valence change of I%, and we expect,

therefore, a very different effect !or small and large solutes

We finally note that the valence effect is again evident (where

the pressure effect is Absent) in 6-Pu(SC) alloys

(Fig. 3) the Sc solute atoms push ne ighboriag Pu solvent

stoma closer to v = 3.
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